Latrine diffusion patterns across 502 villages in Benin, West Africa, were analysed to explore factors driving initial and increasing levels of household adoption in low-coverage rural areas of sub-Saharan Africa. Variables explaining adoption related to population density, size, infrastructure/services, non-agricultural occupations, road and urban proximity, and the nearby latrine adoption rate, capturing differences in the physical and social environment, lifestyles and latrine exposure involved in stimulating status/prestige and well-being reasons for latrine adoption. Contagion was most important in explaining adoption initiation. Cluster analysis revealed four distinct village typologies of demand for latrines which provide a framework for tailoring promotional interventions to better match the different sanitation demand characteristics of communities in scaling-up sanitation development and promotion programmes.
INTRODUCTION
Two in five of the world population still lack adequate basic sanitation. This neglected public health challenge has persisted for decades. In rural sub-Saharan Africa, where only 26% of people had access to an adequate facility in 2002, the challenge is greatest. While now part of the Millennium Development Goals, this need will remain unmet unless household demand for toilets from the unserved can be stimulated. On-site low cost sanitation in the form of a latrine or pit toilet has long been recognized as the most appropriate rural solution. However, with limited resources in developing countries, promoting the adoption of latrines remains a highly uncertain endeavour. In practice, rural sanitation programmes and projects operate with little understanding of the local and regional drivers of uptake, frequently resorting to across-the-board subsidized latrine construction. Development organizations, faced with frequent failure of these supply-driven interventions, have called for approaches that stimulate and respond to community and household demand (Cairncross 1992; Lafond 1995; UNICEF 1997; Wright 1997; WELL 1999) . (Rogers 1983; Jenkins 2004) . Household latrines were nearly 100% privately financed and locally built (Alihounou et al. 1995) ; development efforts focused on building institutional latrines. Thus, latrine adoption patterns in 1993 provide a snapshot of the diffusion process free from confounding by external sanitation development initiatives.
Research began by developing a set of hypothesized spatial and non-spatial variables from available datasets to explain latrine adoption diffusion patterns at the village level, based on prior knowledge of motivations for and constraints on household latrine adoption in rural Benin.
A subset of core explanatory variables emerging from regression modelling was then used in cluster analysis to identify four distinct community types, in terms of their different demand characteristics for improved sanitation.
The aim here was to identify determinants of latrine demand at village level, not primarily so that they could be altered, but so that rural populations lacking improved sanitation could be divided into segments based on their differing demand characteristics, and a promotional intervention strategy devised which is appropriate to each.
HOUSEHOLD DECISION TO ADOPT LATRINES IN RURAL BENIN
Previous in-depth research demonstrated that the decision to install a latrine for the first time takes place in a household in rural Benin when awareness and motivation to build a household latrine are sufficiently strong and constraints against installation are limited or absent Sufficient awareness and understanding of household latrines is also needed before one can consider installing a latrine, and in rural areas of Africa is likely to develop from exposure to household latrines (e.g. at a relative or friend's home) and through interpersonal communication (Rogers 1983) . With more household latrines installed in a village or in the vicinity, residents are likely to become more informed and aware, and the technology more accessible. Greater contact with urban areas where latrines are more common is likely to increase awareness.
DATA, VARIABLES AND MODELLING APPROACH
Zou Department in 1993 was divided into 15 subprefectures, 132 communes and 720 administrative villages (INSAE 1994) . Each sub-prefecture and commune had an administrative capital or seat. Of the 720 villages, 24%
were located in communes classified as 'urban', in which the sub-prefecture capital was located. 
Latrine adoption patterns and variability
In the 502 villages with dependent and spatial data required for analysis, installed household latrines varied from 0 to 374. Household adoption rates varied from 0 to 95.8% (a likely outlier), with a mean of 4.8% (Table 1 ).
Although these rates may lack some accuracy (numerator and denominator from different sources), they indicate order of magnitude differences in adoption levels. Nearly 40% of villages had no latrines at all. In others, demand was evident and being met by local private market solutions. Visual inspection and spatial analysis of the geographic pattern of household adoption levels ( Figure 1) show latrine adoption spreading outwards from urban centres, especially the main twin towns of Abomey (Zou Department's capital) and Bohicon, and along road networks, patterns typical of a spatially controlled diffusion process (Rogers 1983) . In the 20 km area around AbomeyBohicon (Figure 2 ), adoption rates dropped steadily from a high of 12.3% of households in the 3 to 5 km band from the twin centers, to a low of 1.4% of households in the 15 to 20 km band. 
Dependent variables
Percentage of households with installed latrines was problematic as a dependent regression variable because it used a numerator from a different data source (1993 National Guinea Worm Survey) from that of the denominator (1992 INSAE Census) and is truncated at 0 and 100.
For many villages, the number of households (a concept difficult to define and measure accurately in sub-Saharan Africa) diverges between the two datasets, causing uncertainty about the true percentage of households with latrines.
Two dichotomous logistic regression variables in Table 3 address threshold-related questions about village latrine Jenkins & Curtis 2005 ). †1992 Census data or computed from it. ‡Spatially computed using geographic data and GIS software tools. §1993 National Guinea worm survey data or computed from it. kWater Ministry data or computed from it. {Created by summing a point each for presence of primary school, secondary school, local market, regional market, clinic, handpump and piped water in the village.
? Uncertain what type and direction of influence this variable exerts on demand.
adoption and overcome truncation problems (Hosmer & Lemeshow 1989) . Given uncertain accuracy for number of households, these were judged more appropriate than a continuous variable, and allow for potential non-linear influences of independent variables on adoption patterns as demand develops. 'Any latrines' separates villages with no latrines from those with some, to focus on the initiation and presence of adoption in a village. 'Many latrines'
separates villages with more than ten latrines from those with one to ten to focus on conditions that explain the presence of 'strong' demand or higher levels of private latrine adoption in a village. Higher cut-off levels were explored but these quickly reduce the share of 'strong' demand villages, leading to models whose explanatory power is dominated by the constant term (Ben-Akiva & Lerman 1985) . Adoption rates and observed shares are reported in Table 3 .
Logistic regression models of 'any' and 'many latrines' allow exploration of relationships between village conditions and adoption behaviour at two different stages in the diffusion process. The former model is expected to capture the controlling effects of factors exogenous to a village, on initial introduction of latrines in a village, while the latter would capture the acceleration or 'take-off' of village adoption where endogenous factors might be expected to control (Rogers 1983; Gatignon & Robertson 1985) .
Descriptive statistics and data quality
Descriptive statistics for the full set of 502 villages appear in 
Modelling approach
Given colinearity among the independent variables, stepwise forward regression was chosen to identify significant determinants of latrine demand (Neter et al. 1990 ).
Significance limits were varied and finally set at 0.35 for entry and 0.5 for removal, balancing increases in explanatory power, improvements in correctly predicted outcomes, and reductions in independent variable significance.
REGRESSION MODELLING RESULTS
Modelling results are summarized and two representative models presented (Table 5 ). Several other dependent
variables and data subsets were tested; however, all included a consistent subset of significant variables. Variables without reported coefficients in Table 5 did not meet the stepwise significance limits for inclusion. Goodness-offit is measured by r 2 and adjusted r 2 (b/c) for logistic regression models, the latter indicating improved fit of the included variables (b's) over a model having only & Lerman 1985) . Logistic models are also judged by correct predictions (Table 5) , both with and without the constant. Considering data limitations and omission of unobserved factors, the predictive validity of modelled factors is surprisingly good.
Significant variables and hypothesized influence on demand
All the proposed variables in Table 2 typically leave their family behind in the city, and is associated with the rather limited situational goal to install latrines for rental income in these villages (Jenkins & Curtis 2005) .
In nearly all models of strong demand, the first variable entered was fraction non-agricultural population followed by population density. In all 'any latrines' models, nearby latrine adoption rate was entered either first or second.
In Benin, health education at clinics in 1993 included messages about the use of latrines to prevent faecal-oral transmission of disease. Absence of clinic as a driver of adoption is consistent with other findings that health messages about sanitation fail to motivate latrine adoption (Cairncross 1992 (Cairncross , 2004 Jenkins & Sugden 2006) .
The negative coefficient on growth rate supports association of this indicator with higher fertility rates and more traditional agricultural lifestyles, and less arousal of desires for latrines.
Factors explaining the initiation of latrine adoption
In the adoption initiation/presence model, the most significant village characteristics were presence of nonagricultural households, the latrine adoption rate in the 
Factors influencing higher levels of latrine adoption
Stronger expressed demand for latrines in a village, as measured by higher levels of adoption, appears stimulated by factors associated with: higher population densities, larger size (but not rapid population growth), infrastructure development and proximity to the urban centre. Additional factors explaining stronger demand, though not significant at the 0.05 level in the model shown in Table 5 , are an increasingly non-agricultural population, increasing availability of piped water, larger agricultural household size, and higher nearby latrine adoption rate. The adoption rate in the surrounding area may simultaneously capture the presence of facilitating opportunity factors including access to skilled labour, materials and technical information.
Differences between model determinants of initiation and 'strong' demand are consistent with diffusion theory's notion that exogenous factors control the start of adoption while endogenous ones determine its rate and level of penetration within a social group or area (Rogers 1983; Gatignon & Robertson 1985) . The set of analysed independent variables distinguish between villages with strong and weak demand (high and low latrine adoption levels), better than they distinguish villages with any adoption from those with none.
Contagious effects of latrine adoption
The only household lifestyle-related factors whose influence could be tested explicitly in these analyses were occupation and wealth (using a weak proxy). While it is not possible to say whether village environment or individual lifestyle factors are stronger determinants of demand for latrines, the order of variables entered suggests that lifestyle (fraction non-agricultural occupations) may be more fundamental to arousing demand, at least in this early stage of adoption diffusion. Distinguishing between village environment and individual lifestyle factors parallels the notion of public and domestic domains in disease transmission (Cairncross et al. 1996) . For example, surrounding household latrine adoption rate was an important influence on demand in every model tested. If latrine ownership is thought of as an infection, its prevalence definitely increases when more of one's neighbours own a latrine. This is consistent with diffusion theory, the laws of imitation, the apparent symbolic and status carrying value of latrines in rural Beninese society (Jenkins & Curtis 2005) , and the need for substantial amounts of evaluation for adoption to occur (Gatignon & Robertson 1985) . Contextual aspects of visual exposure to private latrines may be critical for conveying the cultural meaning and symbolic value of latrines operating in arousing status/prestige drives in Benin. Local exposure opportunities also provide occasions for experimentation and personal evaluation of an innovation needed for adoption (Rogers 1983) .
The regression modelling results have enhanced our understanding of latrine demand, but are not a basis for a latrine promotion strategy; most of the factors identified (e.g. population density, size) are not susceptible to manipulation. Latrine exposure, however, is one factor that can be manipulated through interventions. Development of a viable promotional strategy requires division of the market into homogeneous segments or clusters; this is discussed in the following section.
CLUSTER ANALYSIS OF SANITATION DEMAND VILLAGE TYPES
Cluster analysis was undertaken with a subset of variables to develop a community typology of demand for improved sanitation based on the regression results. K-means cluster analysis was used, where the number of groups is specified a priori (Lorr 1987; Norusis 1994) . Three to four village types were determined to be a reasonable number of groups to interpret. The four-cluster solution produced a greater number of statistically significant distinct characteristics and more interpretable types with regard to administrative and geographic structure at the regional scale. (Gatignon & Robertson 1985) . Although near paved road was classified in Table 2 as a latrine exposure factor, it is included here because proximity to a road is also thought to indicate unique village and lifestyle factors that arouse desires for change for a latrine in rural Benin, such as a greater felt need for safety at night, exposure to new ideas and information and modern attitudes (Jenkins & Curtis 2005 ).
Cluster analysis variables

Cluster results
Mean cluster characteristics are reported in Table 6 . 
Sanitation demand characteristics of four emerging village types
Four distinct types of village with respect to drivers of latrine adoption emerged from cluster analysis:
(1) high density, economically diverse 'small urban fringe';
(2) large, non-urban 'agricultural sub-prefecture centre'; They had some piped water supplies, but were unlikely to have electricity. They had greater levels of infrastructure 
CONCLUSION
This research demonstrated how village-level secondary data necessary for regional analysis of latrine demand can be obtained from existing regional and national databases even in very poor developing countries in Africa. Insight into the underlying drivers of rural demand for sanitation in areas where household coverage is low can be gained from such analyses and used to target resources and develop suitable strategies better matched to the demand characteristics of villages in planning more coherent regional programmes for improving sanitation.
